Since China adopted reform and open policy in 1978, intensive land use pattern changes have been taken place at different scales with the rapid economic growth and fast urbanization, resulting in complex impacts on the regional eco-environmental security. Based on some case studies in Shenzhen, Beijing and the grassland and farming-pastoral zone of North China, the paper used three models-City Expansion Model in Metropolitan Area in Beijing, Basin Rainfall-runoff Model in Shenzhen and Land Use Pattern Adjustment Model in the grassland and farming-pastoral zone of North China -to try to demonstrate the possibility to promote ecological security level in China by the rational land use pattern adjustment.
Case study
Three case study areas were chosen in this paper to demonstrate how to look for secure land use pattern by the adjustment of the existing land use pattern, in other words, to develop the land use pattern adjustment model system under the condition of ecological security (Figure 1 ). They are Shenzhen special economic region at South-east coastal humid zone in China, Beijing city area at semi-humid zone in North-China plain, Huangfuchuan basin of Yellow River at semi-arid zone on the edge of Mongolia plateau in China. In the paper, the ecological security indicators focus on vegetation fractional coverage, area percentage of wetland and water area and soil erosion in the basin.
The relationship between land use/cover and ecological security has already been emphasized in the Land use/cover change (LUCC) program jointly sponsored by IGBP and IHDP (Lambin et. al., 1999) , which believed that LUCC can directly affect the region responded to global change and further influence the global change (Turner II et. al., 1995) and highlighted the ecological and hydrological response of LUCC effect.
The objectives of the paper are to explore the land use adjustment approach under the condition of ecological security by model research in three case study areas. The case study in Shenzhen demonstrated the intensive LUCC in the rapid urbanization and its impact to urban hydrological situation and urban flood disaster in the Southeast coastal China because of the reform and open policy and the investment of of Hongkong, Macao and Taiwan. The case study in Beijing metropolitan area try to investigate the relationship between city expansion and city planning, especially the relationship between the city expansion and the three highways of Beijing-Changping, Beijing-Shunyi (captical airport), Beijing-Tongxian, and further discuss the impacts of the limitation of the ecological security land of wetland, flooded area and greenbelt on the city expansion. The case study in Huangfuchuan basion of Yellow River try to study the impact of land use structure and pattern change on the soil erosion, where the vegetation at the semi-arid region are always affected deeply by the precipitation and the erosion control can be finished only by the optimization of the existing land use structure and pattern. Buji River Basin
The Effect of Land Use on Runoff in Shenzhen City, China
The land cover and terrain of the earth are central to the biophysical process of global environmental change (Turner II et al. 1995) . Changes in land cover may trigger changes in hydrological cycle, which, in turn, would have significant implications for land uses. In the past years, hydrological processes affected by land use/cover changes have been paid more attention on and forest, wetland and cropland hydrology have been extensively studied. In all the land use changes affecting the hydrology of an area, urbanization is by far the most forceful (Leopold 1968) . The change of runoff process in urban areas causes the change of runoff generation and concentration in spatial pattern. Therefore, the objective of this chapter is to analyze the runoff change in spatial pattern in order to study the effect of land use change on hydrological process in the rapidly urbanized regions. Here, Shenzhen City is taken up as a case study area to study runoff change. Shenzhen City is closely adjacent to Hong Kong and is the sole land port of mainland of China to Hong Kong, resulting in that Shenzhen became the first special economic zone opening to the outside world. During the past 20 years, because of the special position adjacent to Hong Kong and so many favorable policies promulgated by Shenzhen Special Economic Zone, the economic development has maintained high speed. Annual average growth rate of gross domestic product is 30.3 percent, exceeding the economic development speed of the four tigers of Asia. The rapid economic development results the rapid urbanization and huge land use changes (Chen and Imura 1999; Shi et al. 2000b) . In Shenzhen, the proportion of ecological land (including forest land, shrub and grassland, wetland and water) decreases from 60.25% in 1980 to 29.37% in 2000 while the proportion of urban land and industry land increases from 0.5% to 35.31% and the index of agricultural land (including paddy land and orchard) decreases from 34.75% to 28.96%. Due to the intensity of landscape urbanization in Shenzhen, flood occurrence times increase obviously. Based on the statistics, flood occurrence times are 4, 6, 8 respectively from 1980 to 1987, from 1988 to 1993 and from 1994 to 2000, corresponding 0.5, 1.0 and 1.15 times yearly in the three periods. The loss caused by flood disaster has increased rapidly. From 1981 to 1990, flood disasters occurred 6 times, the death number and direct economic loss of which were 13 persons and 28.37 million RMB. From 1991 to 2000, flood disasters occurred 12 times, the death toll and direct economic loss of which were 54 persons and 260.38 million RMB. In Shenzhen, the flood disasters have become more and more serious. So, it is significant to study the impact of land use change on rainfall-runoff relationship in Shenzhen City.
Data and method
Based on the data of land use, hydrology and meteorology, SCS model, which was developed by Soil Conservation Service (SCS), U.S.A. and became widely-used internationally for the water resources management and planning, is applied to study the rainfall-runoff relationship of some rivers in Shenzhen City, China (Zhang. 1987; Mu 1991; Wei and Xie 1992; Pan 1997 ). The SCS model can be expressed as follows (U. S. Soil Conservation Service 1972):
Where Q is direct runoff, P is storm rainfall and S is potential maximum retention or infiltration. For convenience and standardization application of equation (1), the potential retention is expressed in the form of a dimensionless runoff curve number (CN), where
The CN represents the runoff potential of the land cover-soil complex, depending on the soil, cover type, and hydrologic condition of the land surface. CN also depends on the antecedent wetness of the drainage basin, and three classes of antecedent moisture condition (AMC) are defined as dry, average, and wet (denoted as AMCI, AMCII, AMCIII).
The distribution of CN value contour in Shenzhen City
The spatial distribution of CN value is successive, reflecting the runoff generation capability of different underlying surfaces in spatial pattern (Zhang 1987) . At first, we overlaid the map of land use and the map of soil at first, then put CN values into each unit to obtain the CN contour maps of different antecedent soil moisture conditions in 1980, 1988 and 1994 .
The regions of high values of CN are urban and water areas. The areas of high CN values in Shenzhen City include two main regions: one is the central area of Shenzhen city (i.e., Futian and Luohu Districts, namely main parts of the Special Economic Zone), the other is near the mouth of Pearl River along the Guangshen Expressway. The regions of low CN values are forest, shrub, grassland and orchard. The elevation of these regions is relatively high, such as Diaoshen Mountain (288m), Fenghuang Mountain (377m), Yangtai Mountain (587m), Tanglang Mountain (430m), Wutong Mountain (944m) and Meishajian Mountain (753m).
The CN contours of different periods become sparse with the antecedent soil moisture condition changing from dry to wet gradually. With the rapid urbanization in Shenzhen City, the area of high CN values is increasing. On the contrary, the area of low CN values is decreasing with their contours becoming more scattered. However, the central positions of high values and low values do not have obvious changes. From 1980 to 1994, the primary production land such as forest, grassland and paddy land is decreasing, among which the reduction of paddy land is the largest. It is obvious that the urban land increase and the primary production land decrease in the rapid urbanization in Shenzhen city result in various hydrologic changes including the increase of runoff volume and urban flood.
The verification of the application of SCS model in Shenzhen City
Based on the precipitation data, mean annual rainfall and runoff from 1956 to 1995 from Shenzhen meteorological station, we tested the application of the SCS model in the case study. First, we calculated the trend line of the precipitation array from 1956 to 1995. The line has no obvious changing tendency, indicating the precipitation not being the main cause of the runoff change. Comparing calculated runoff volumes with actual measurements, the absolute errors range from 40mm to 90mm, and the relative errors are from 5% to 9%, showing that the model results are basically consistent with the actual situation. Consequently, the SCS Model can be applied in the regions where the hydrological data are limited. And, it is feasible that SCS model is applied to quantitatively simulate the impact of land use change on rainfall-runoff relationship in a close river basin undergoing urbanization.
The application of the SCS model in Buji River Basin
Shenzhen River is a boundary between Shenzhen City and the New Territory of Hong Kong, and most of the catchment area of Shenzhen River is located in the rapidly developing urban area. Buji River is a main tributary river of Shenzhen River, the area of which is 56.88km 2 . Because the tributary of the Buji River catchment is in the territory of Shenzhen City, we chose it to simulate the storm rainfall-runoff process. With the rapid development of municipal construction and the speedy increment of economy, the characteristics of flood, tide, sedimentation and environment have partially or totally been changed or affected. According to statistics, the urbanization area of Shenzhen River catchment has been up to 40-50% of the total area while the urbanization area in Buji River catchment has been up to 70% of the total. Consequently, the concentration time in Shenzhen City has been reduced by an average of 15%, and that in Buji River catchment has been reduced by an average of 25%. Correspondingly, the peak discharge of flood in Buji River catchment has been increased by an average of 22% (Li 1997) .
Based on the maximum precipitation in 24 hours in Shenzhen Rainfall Station, we firstly obtained a theoretical frequency curve of the maximum precipitation in 24 hours in Buji River Basin. Choosing eight kinds of storms whose frequencies are 1%, 2%, 5%, 10%, 50%, 90%, 95% and 99% respectively, we then calculated the runoff volumes of different antecedent soil moisture conditions in Buji River Basin in 1980 , 1988 , 1994 . The results show: (1) The runoff volume increases following an increase of rainfall in certain periods and certain antecedent moisture conditions. (2) The runoff volume increases from 1980 to 1994, and the relative increasing magnitude ranges from 1.6% to 62.9%. The relationship between the increment and the antecedent soil moisture condition is in the order of AMCI>AMCII>AMCIII. (3) With certain antecedent moisture conditions, from 1980 to 1988, 1988 to 1994 and 1980 to 1994 , the absolute increment of runoff increases following the increase of rainfall, but the relative variation of runoff and the change of runoff coefficient decrease (Yuan and Shi 2001) . Runoff coefficient reflects the effect of underlying surface on the relationship between rainfall and runoff. So, based on the CN contour maps of Buji River Basin in three periods, we used the SCS model to calculate the runoff volume in different units, and obtained the runoff coefficient contour maps of three kinds of maximum precipitation of 24 hours whose frequencies were 90%, 50% and 10% (Figure 3) . From the figure, firstly, the area of high runoff coefficients increases following the increase of rainfall. For the antecedent soil moisture conditions from dry to wet, the runoff coefficient has the same tendency. Secondly, the scope of high values of runoff coefficient extends from 1980 to 1994. We then calculated the land area matrix of different coefficients and the runoff coefficients in Shenzhen City in 1980 , 1988 and 1994 . From the Table 3 , we can derive the following points: (1) From 1980 to 1994, the economic development has led to the runoff coefficient transforming into high values; the positive values of variation of the land area of different CN values in Buji River Basin concentrate on the high values of runoff coefficient, showing the law of the increase of runoff coefficient following the land use change. The range is from 0.022 to 0.075. (2) With certain antecedent moisture conditions, the relationship between the change of land area of different runoff coefficients in Buji River Basin and the rainfall intensities is in the order of 90%>50%>10%, that is, the heavier the rainfall, the less the effect of land use on the rainfall-runoff relationship. This is mainly attributed to the fact that the runoff comes into being after the rain turns into the infiltration and other losses firstly. The saturation rate of soil and other losses are constant in a certain river basin. Therefore, in a strong rain the proportion of the infiltration and other losses to the total rainfall are small, while the runoff Runoff coefficient the change of the runoff coefficient from the precipitation frequency 90% to 10%.
According to the modeling result of the impact of land use change on rainfall-runoff relationship in Buji River Basin of Shenzhen City by using SCS model, it is essential to adjust land use pattern to ecological security direction.
City Expansion Model in Metropolitan Area (CEM) in Beijing area
At present, city expansion in metropolitan area in China should be of concern because of its striking urbanization process, fast economic increase and serious environmental and ecological problems (Sun 1992 ). Therefore, a city expansion model in metropolitan area (CEM) based on the integration of "bottom up" cellular automata model (CA) (White, et.al. 2000) and "top down" Titenberg economic model (Yeh, et.al., 2000) is developed here to further understand the city expansion and ecological security domain in metropolitan area in China (He, et.al. 2003 ).
Basic characteristics of CEM

In CEM, city expansion is regarded as the process influenced simultaneously by the global exogenous factors and local urban cell expansion ability
Urban growth in metropolitan area is controlled by the multi-scale social, economic and natural factors, which can not be illustrated by the activities of local urban cells that were defined in the traditional CA model. Besides, in the metropolitan phase of urban growth, city development is often dominated by the three-dimensional city expansion with the increase of building ratio caused by the shortage of land resources. In other words, two-dimensional expanding ability of the urban cell is limited compared with that in the original phase of urban growth. However, many existed land use models based on CA ignored this point and just affected the evolution of the urban cell with all kinds of exogenous factors (Li and Yeh 2000) . Thus in CEM, city expansion is regarded as the process influenced simultaneously by global exogenous factors and the expanding ability of local urban cells, which not only includes many exogenous factors to control the urban growth, but also considers variation of the internal expanding ability of urban cells (Figure 4 ). Exogenous factors can be classified as fundamental constraint factors and imperative constraint factors according to their effect on the city development. The former includes such factors as traffic situation, cost-distance to city center, slope, aspect, and so on, which can only affect city expansion to some extent. The latter comprises such factors as reservoir, lake, planned protected land, etc., which are supposed to be absolutely excluded from the city expansion. As the internal expanding ability variation of the urban cells, it can be illustrated by an exponential function that attenuates with the city development in the CEM. Meantime, to integrate global factors and local factors (neighborhood effect) effectively in the transition rule of CA, it is necessary to normalize all kinds of factors strictly and to determine their weight rationally. In CEM, the fuzzy function is introduced to normalize the factors, and a new adaptive Monte-Carlo random method is developed to determine the factors' weight.
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In CEM, prediction of city expansion is regarded as the process that optimally allocates both land area and land location to obtain maximum benefit
In China, city expansion into cultivated land is always a big problem because of the limited land resources, so the city expansion in metropolitan area is strictly controlled by the government. Therefore, in CEM, city expansion prediction is regarded as the process that optimally allocates both land area and land location to obtain maximum profits ( Figure 5 ). With the consideration that the 'bottom up' CA model is inefficient to predict the land area, Titenberg model is introduced to the CEM to complete the land use prediction. At first, future optimal land use area is determined by Titenberg model, then optimal land location is found with the help of CA (Yeh and Li 1998) . 
Components of CEM
The framework of CEM is illustrated in figure 6 , which actually comprises two parts: one is the city development simulation and optimal weight determination by the adaptive Monte-Carlo random method based on the history data, the other is the city expansion prediction at the different "what-if" scenarios with the support of the integration of CA and Tietenberg model. Detail information on the CEM can be obtained in our relative paper (He, et.al. 2003 ).
Application: the simulation of city expansion in Beijing metropolitan area
As the application of CEM, city expansion of the Beijing metropolitan area is simulated and (He, et.al. 2002; Chen, et.al. 2002) .
At first, six fundamental constraint factors of slope and cost-distance to highway, railway, road, city center, airport, and three imperative constraint factors of flooded area, reservoir and protected land were used as input to simulate the city growth from 1975 to 1997 with the land use/cover map of 1975 , 1984 , 1991 and 1997 (He, et.al., 2002 . The optimal factor weights and the best simulation results were obtained when the simulation results best fit the actual urban growth ( Figure 7 and Table 2 ) during 500 times simulation by adaptive random Monte-Carlo methods (Miyatake and Wakimoto 1978; He, et.al., 2003) . Since urban land area is 1023.55 Km 2 in 1997, occupying 22.5% of the whole region (He, et.al., 2002) , we have the assumption that 35% land of the study area will be occupied by urban land in 2015 with consideration of the economic development and population increase in Beijing. Based on this scenario, the increased urban land area from 1997 to 2015 is allocated (Table 3 ) and the increased urban land location is determined (Figure 8 ).
According to the simulation results and prediction results, it can be found that city expansion in Beijing were affected simultaneously by both the economic suitability factors, such as location, traffic situation, existing land use types, and so on, and the ecological security factors, such as flooded area, reservoir and protected green belt, etc. In other words, the city expansion in Beijing were driven by economic suitability factors and limited by ecological security factors. Because of the good location and convenient traffic situations, the fringe area around the center city and sub-center cities and the area along with the transportation lines are the place where the most extensive city expansion are taking place. In next 15 years, the center city will expand to northwest, east and northeast to connect with the three sub-cities along with the transportation system. However, because of the limitation of the ecological security factors that intend to keep enough water area and vegetation, the city expansion in the northwest is much slower than that in the east and northwest. Compared with the urban corridor in the east and the northeast, the "flying urban area" appeared in the northwest of the center city in 2015 in the prediction (Figure 8 ).
Besides, there also exist some differences between the simulation and the actual urban development from 1984 to 1997. In the simulation (Figure 7) , the three sub-center cities and the urban area along with the transportation developed much faster than the actual situations. Besides, many actually existing small towns cannot be reflected in the simulation. The reasons maybe lies in the following aspects: (1) the simulation magnified the effect of transportation systems on the existing city pattern because more economic suitability factors on transportation situation than other factors were input to the model and occupied more weight to determine the city expansion (Table 2) ; (2) CA cannot reflect the small towns well because cell growth relies much on the effect of its neighbor cells and many macroscopic factors that have the important effects on city development in Beijing cannot be reflected effectively either (White, et.al., 2000) .
In short, the practices in Beijing suggest that CEM can illustrate the city expansion, especially that in metropolitan areas in Beijing to some extent. The modeling of land use pattern change in metropolitan area makes it possible to design and adjust the distribution of ecological security land of vegetation and water area. Based on the harmony of ecological security land and economic development land, some ecological disaster, such as urban heat damage, sand and dust storm and biodiversity loss can be reduced (Shi et al, 2000a) . Figure. 7 City growth simulation of Beijing City Note: CD is cost distance.
The Optimization of Land Use Pattern under Ecological Security
With the growth of population and the development of agriculture, industry and urbanization, the land use/cover patterns of each region in China have already been remarkably different with the natural patterns they used to be. The distribution and intensity of regional land use have intensively destroyed the original eco-security, which lead to regional eco-environmental disasters. So we conclude that only redesigning and optimization of the distribution of land use can make the eco-environment change from deterioration to security, and realize regional eco-security and sustainable development (Shi et al, 2000a ).
The optimization of the land use spatial pattern is mostly based on two hypotheses. The first one is that the impact of soil texture is ignored, and the moisture content and the quantity of heat are regarded as the main driving forces of plant growth in the research area. The second one is that there is a linear relation between various vegetation cover degrees (changing from zero to the optimum cover degree) and the moisture content. Figure. 8 The prediction assuming that 35% of the land in the region will be occupied by city till 2015 (r: interest rate)
Land use area control
Huangfuchang river is one of the branches of the middle reaches of Yellow river with the length of 120 km and drainage area of 3240 km 2 . Huangfuchang drainage area is located in the grass and farming-pastoral zone of North China, which is facing the serious ecological problem of soil erosion and brings a lot of soil and sand to the Yellow river for its semi-aridity climate and special soil structures and components (Figure 1) . In order to insure the eco-security and sustainable development in the Huangfuchuan Basin, more restrictive conditions on nature, society and ecology must be considered in land use plan, mainly including the following four aspects: 1) to ensure proper farmland area to satisfy food security and life needs, 2) to keep the appropriate proportion of forest, shrub and grassland to satisfy eco-optimum and bio-diversity, 3) to ensure special land use such as conservation land, flood plain, lakes and reservoirs, 4) to satisfy political and regulation requirements, for example, the farmland in the area with the gradient above 25ºshould be given away to become forest and grassland according to the policy in China (Figure 9 ).
The above-mentioned four restrictive conditions are the most significant to land use plan because they not only can provide threshold conditions in the beginning stage of land use plan but also are used to validate the plan to ensure it achieves the expected effects, satisfies the requirement of land use area and further optimize the land use pattern.
Spatial optimum model of land use
The spatial optimum model of land use is developed based on the transfer probability of each pixel of land use. According to the transfer probability, land use change is distributed to proper units following the rule that the process is carried on from the high transfer probability of certain land use to the relatively low probability until the total land use area of the land use amount is satisfied. After the distribution of one land use type is finished, the process is continued until the land use amount of all the land use types is satisfied. The transfer probability is calculated as follows.
Where is the transfer probability of the pixel ij to land use type k, k is the land use types (k=1,…,4) corresponding to forest, shrub, grassland, and farmland respectively; is the probable soil erosion value of land use type k, is the product of a series of bi-values, indicating the restrictive conditions of land use change. If C = 0, the pixel may be river, lake or other conservation land, which are supposed to keep no change in the model. In addition, land use is distributed according to the order from farmland, grassland, shrub to forest. If one land use type can be transferred to two other types simultaneously, the original type should be kept at the best. 1) The supply condition of water in the area is estimated from the present plant coverage and types, which is regarded as one of the key restrictive factors.
2) For the sloping field whose gradient is greater than 25º, according to the moisture content and the actual transpiration of vegetation, the potential cover degree of the pixels is calculated respectively as forest, shrub and grassland, and it must be insured that the cover degree is less than the appropriate cover degree of each type. For the aim to reduce soil erosion, the optimizing model is applied to calculate the transfer probability of the pixels of three vegetations respectively.
3) Based on the above processes, the evaluation order is followed: in the range of each type of forest, shrub, grassland as well as farmland, the pixels are distributed according to the transfer probability from high to low until the land use amount of the four types are satisfied. 4) Assess whether the erosion quantity of soil, which corresponds to land use pattern after optimization, and the vegetation cover degree meets the need of ecological security or not.
Our primary results are showed in Table 4 , Figure 10 , Figure 11 and Figure 12 , which illustrated the model can optimize current land use pattern in Huanghuchuan Basin to some extent. Of course, the development of the model and the analysis and validation of the results should also be furthered in the near future.
Land use adjustment under the condition of ecological security in Huanghuchuan Basin
Based on the above case studies in Beijing, Shenzhen and Huanghuchan Basin, it is obvious that, the change of the land use structure and pattern in different climate zones will all bring the changes of the ecological security level. So the regional ecological security can be kept by the adjustment of land use structure and pattern. Such adjustment will not only alleviate the pressure of improving the regional ecological security level by engineering measurements of erosion control and flood prevention, but also be more effective than such engineering measurements to some extent. The Shenzhen rainfall-runoff model based on the SCS demonstrated the impact of land use/cover change in rapid urbanization on the surface run-off. The Huanghuchuan model explored the impacts of land use/cover changes on the soil erosion. The CEM model in Beijing investigated the relationship between city expansion and economic suitability factors of location and transportation factors and ecological security limitation factors of lake, river, wetland and greenbelt. According to the case studies, the land use structure in the conditions of ecological security in China can be given as follows: In the metropolitan area in the plain of the East China, the ecological security land should occupy over 40% with water area and wetland more than 10%; In the hill, low mountain area and mountain area with the slope over 10 degree of the wide Middle China and West China, the ecological security land should occupy more than 50% with the forest land, shrub and grass land being about 30% (Shi, et.al, 2002) . Therefore, it is the key task to keep the rational proportion of the wetland, water area and vegetation coverage in China. As to the effective arrangement of the spatial pattern of these ecological security land, more works still need to be done. However, to those cultivated land in the mountain area with the slope over 25 degree and the sand land in the semi-arid zone, it is the extremely measures to recover forest (grass) land using the cultivated land. In the plain area of the East China, recovering the natural ecological system in the natural wetland and water area using the cultivated land is also the important measures to adjust the land use.
Conclusions and discussions
Using the data of land use, hydrology and meteorology, the SCS model is applied to study the rainfall-runoff relationship of some rivers in Shenzhen City. According to the experimental results, 
